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Abstract 
This paper aims to clarify the groundwater flow system in Tay Island, southwest Vietnam using 3-D groundwater 
simulation, together with a consideration of the subsurface hydrogeological setting, location of rivers/canals, and the 
rate of groundwater pumping. Groundwater simulation results show that the groundwater flow system is strongly 
affected by seasonal changes in the Mekong River water levels, especially by flood water during the rainy season. 
Moreover, groundwater pumping with a rate of 83600 m3 per day in the dry season is considered one of the main 
factors which affects changes in the groundwater table through the dry and rainy seasons, at various locales on the 
Island. The simulation indicates that the groundwater table in the eastern area is higher than in the western area of the 
Island during the dry season, and groundwater in the north, where it is mostly pumped up for irrigation, is lower than 
the other regions. 
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1. Background 
     Research on Tay Island was conducted by the Research Group for Groundwater Contamination by 
Arsenic in the Mekong River Delta (Mekong Research Group) from 2008 until 2011.  
     The investigation of water use on Tay Island, showed that groundwater is the main source for 
irrigation in the dry season from November to May, but is not utilized much for daily water use [1]. 
Although it is an important water resource, limited research has been undertaken on groundwater in the 
area. Previous modeling in this area did not address the quantity of groundwater pumping [2-3]. In the dry 
season between November-May when the Mekong River flow and rainfall is scarce, groundwater 
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becomes the main source of irrigation water on Tay Island. Therefore, study of groundwater pumping is 
necessary to control groundwater resources. This study aims to clarify the groundwater flow system and 
evaluate the effects of groundwater use for irrigation on the groundwater level on Tay Island, using 
groundwater flow modeling which considers groundwater pumping. This study is expected to contribute 
to the management of groundwater resources on Tay Island. 
2. Study area 
      The Mekong River flows into Vietnam and divides into two branches, an eastern branch called the 
Mekong (Vietnamese: Song Tien) and a western branch called the Bassac (Vietnamese: Song Hau) (Fig. 
1). The study area, Tay Island, is located in the Thanh Binh district, Dong Thap province, southwest 
Vietnam and is north of the Mekong River Delta. Tay Island is one of the largest islands in the Mekong 
River Delta, with a north-south length of 25 km and east-west length of 5 km. Five communes Tan Hoa, 
Tan Quoi, Tan Hue, Tan Binh, Tan Long; and a part of Phu Thuan B commune are located there. Rice 
farming and aquaculture production dominate in this area, thus paddy field and crops as such as red 
pepper, corn, cane are the main products of this island, and water resources for irrigation activities are 
important. 
     Tay Island relates closely to the Mekong River water and its network of channels. Moreover, it is 
located in the region, which is strongly affected by annual floods during the flood season from June to 
October. For this reason Tay Island became an important research area for studying hydrology in the 
Fig. 1. Location of the study area 
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Mekong River Delta. The Mekong Research Group began the observation of Mekong River water and 
drilled wells to monitor the Mekong River water level and groundwater levels on Tay Island as shown in 
Fig. 1[4]. DT indicates an observation well of groundwater level while S is a shallow well, D is a deep 
well. 
3. Materials and methods 
3.1. Oral survey 
     An oral survey was conducted in April and June 2010 to estimate the quantity of groundwater 
pumping focused on important areas, near the observation groundwater wells (Fig. 1). The first survey 
was conducted in April to investigate the distribution of water consumption patterns for purposes of 
drinking, cooking, household washing; and irrigation for agriculture on Tay Island. The second oral 
survey was conducted in June at Tan Hue commune area shown in Figure 1. The oral survey clarified the 
quantity of daily water use by household and the amount of groundwater pumped for irrigation activities. 
The results of this survey were used for groundwater modeling.  
 3.2. Groundwater simulation model  
3.2.1. The modeling framework 
     To consider the relationship between the Mekong River 
capture, Tay Island and groundwater, a groundwater flow model 
was set up with a modeling domain of 23 km east and west and 
26 km north and south. The model cell size is 250 m × 250 m at 
the center of island and 1 km × 1 km at the periphery of the island 
(Fig. 2) [3]. The deep blue portion of the cell indicates the river 
boundaries of the Mekong River and its branches.  
     Based on the 1:25000 topographic map created by the 
Vietnam Ministry of Natural Resources and Environment in 2003, 
the elevation of Tay Island is approximately 1 m to 5 m above sea 
level. The depth of a deep well drilled in Tay Island is 
approximately 360 m. Therefore, the scope of the model extends from a depth of 10 m above sea level to 
a depth of 300 m with a layer thickness of 10 m and a total number of layers of 31.  
3.2.2. Model boundary conditions 
     The boundary conditions that are critical to the groundwater flow model for Tay Island are the 
Mekong River water level, the plane distribution of the Mekong River, channels and the depth of the river 
bed. The plane distribution of Mekong River and channels were derived from analysis of a Vietnamese 
topographic map from 2003, Landsat satellite imagery and Google Maps. According to [5], the depth of 
the Mekong River at the northern end of Tay Island is approximately 10 m, and at its southern part is 
about 25 m. However, according to measured results carried out in 2010, the depth of river was between 
10 m to 20 m and the depth of channels was 3 m to 5 m. Therefore, with reference to these data sources, 
the depth of the Mekong River in this research model was set to the 1st and 2nd layers and the depth of 
channels was set to the 1st level corresponding to the river cell and channels cell in the model. 
Fig. 2. Framework of the model 
214   Thu T. Nguyen et al. /  Procedia Environmental Sciences  17 ( 2013 )  211 – 220 
 Time-Variant Specified-Head Package for Mekong River water level 
     The Time-Variant Specified-Head Package for MODFLOW was determined by observation of the 
Mekong River water level; and their values were entered into the appropriate cell of the Mekong River 
and its main branches from 1st to 3rd layer and are indicated by the banana color cell shown in Fig. 3 (a).  
 General Head Boundary Package for channels water levels 
     Tay Island has a system of annual channels, thus it is not only influenced by the Mekong River but 
also is affected by the interaction of channels. The General Head Boundary Package is used to simulate 
head-dependent flux boundaries between channel (specified head) and groundwater. It is always 
proportional to the head difference between the elevation of the specified head and groundwater table; 
and the constant of proportionality is the conductance. In this model General Head Boundary Package is 
applied to the appropriate channel cells in the 1st layer shown in brown color in Fig 3. (a).   
 River Package for  flooding season 
     Tay Island is located in 
a region, which is affected 
by annual flooding during 
the rainy season from June 
to October because of 
rising Mekong River 
water and lead to ground 
on Tay Island and land 
near the Mekong River 
and channels are flooded. 
This flooding water is 
considered a groundwater 
recharge source via 
infiltration. To reproduce 
this natural condition in 
this model, the River 
Package which is similar 
to the General Head Boundary Package, is used to represent the flooding phenomenon in the appropriate 
cell of flooding when it occurs, and is shown as the canny color cell in Fig. 3 (b). 
3.2.3. Hydrogeological structure 
 Classification aquifers 
     Estimation of the hydro-geological structure of Tay Island is difficult because of the limited detailed 
hydrogeological data. According to [6] the classification aquifers in the Mekong Delta were estimated 
into five major aquifers at depth of 400 m ranging in geologic age from the Holocene through to the 
Upper Miocene. A detailed survey of geology on Tay Island showed that the boundary of the Pleistocene 
and Holocene was estimated to be at a depth of 26 m in the northern part of island, and approximately at 
40~67 m in its southern part [7]. Therefore, in this study, the classification aquifers were classified into 5 
aquifers ranging in geologic time scale from the Holocene through to the Artesian Pliocene (Table 1). 
Fig. 3. (a) Location of CHD and GHB package cell; (b) Location of RIV package 
(a) (b) 
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 Coefficient of aquifers 
     The hydraulic conductivity of the aquifer was determined through the results of a slug test of 
observation wells with the result being: the 1st aquifer is 5~15 m/day; the 2nd aquifer is 3~4 m/day [3]. In 
this study, the hydraulic conductivity and other aquifer coefficients for the 1st and 2nd aquifer was 
determined by these results; other aquifer coefficients were obtained by measured values, and by the 
typical value and phase layer of stratum. The hydraulic conductivity in the vertical hydraulic is 
determined by one-half of its value in the horizontal hydraulic (Table 1). 
 
Table1. The coefficient of aquifer parameters input to the model. 
 
  Depth (m) Geologic time scale (year) 
Horizontal 
Hydraulic 
(m/day) 
Vertical 
Hydraulic 
(m/day) 
Specific 
Storage 
(1/m) 
Effective 
Porosity 
Specific 
Yield 
1st clay layer 0 8 Holocene 0.04 0.004 0.0001 0.03 0.03 
1st  aquifer  10 26 Holocene 6.436 0.6436 0.0001 0.23 0.23 
2nd aquifer  30 67 Holocene 3.775 0.3775 0.0001 0.15 0.15 
3rd aquifer 67 140 Upper Pleistocene 3.2 0.32 0.0001 0.13 0.13 
4th aquifer 140 200 Lower Pleistocene 2.5 0.25 0.0001 0.11 0.11 
5th aquifer 200 300 Artesian Pliocene 1.5 0.15 0.0001 0.1 0.1 
lower 5th aquifer deeper 300 Artesian Pliocene 1.2 0.12 0.0001 0.08 0.08 
 
3.2.4. The rate of groundwater pumping and amount of recharge  
 Recharge 
     In the Tay Island region precipitation in the rainy season contributes to almost 80~90 % of the total 
rainfall for the year [1] and as such the recharge input data was assumed to be approximately 0.3~2 
mm/month in the dry season, and 4~7 mm/month in the rainy season and the recharge zone was entered 
into all cells of the 1st layer of the model.  
 Groundwater pumping well 
     Fig. 3 shows the pumping cell location based on the map of land use and results of the oral survey on 
Tay Island. The groundwater total that was entered in this model is the amount of groundwater pumped 
for irrigation and crops from irrigation wells and daily family use from household wells. The result of the 
oral survey indicated that groundwater was not used in the rainy season because of frequent rain at this 
time, thus in this model the amount of pumping for irrigation was assumed for the dry season to occur 
from November to May. Moreover, the amount of irrigation pumping was assumed based on land use and 
crop condition, and the appropriate use of each pumping cell. The well depth for irrigation and family use 
range from 10 to 20 m, thus the pumping cell was set in the 2nd and 3rd layer. The amount of pumping cell 
irrigation and daily use from each of layer were assumed to be less than the total amount of pumping.  
3.2.5. Simulation model 
     In this research, a 3-D groundwater simulation model, which uses Processing Modflow Version 8.0 
(Simcore Software Inc.) was constructed to identify the groundwater flow on Tay Island.  This software 
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utilizes MODFLOW code, which is typically used in modeling 3-D groundwater flow [8]. This 
MODFLOW model analysis used transient calculation with monthly calculation. The monthly calculation 
period is 24 months from January 2009 until December 2010. The transient simulation was carried out by 
5 time steps for each stress period of each month. The initial head indicated 1 m elevation and entered in 
the entire area of model. 
4. Results and discussions 
4.1. Water use and groundwater pumping 
     Fig. 4 shows the distribution of groundwater pumping in the rainy season (Fig. 4(a)) and in the dry 
season (Fig. 4(b)). Daily water use depends mostly on the river or channel water resources, but not on 
groundwater resources because of the water quality problems.  Groundwater for irrigation is used mostly 
in the dry season and not used in the rainy season, and is  pumped mostly in the north-western and south 
region of Island as shown in Fig. 4 (b). 
     Based on the April 
survey result, an oral 
survey was undertaken 
in June focused on the 
area around of DT8, 9-
S,D are shown in Fig. 
1 to clarify the total 
quantity of the 
groundwater pumping 
per day on the Tay 
Island. To estimate the 
amount of groundwater 
for daily use, an oral 
survey was carried out 
on 34 families in two 
locations, combined 
with the household 
data was collected 
from local office, and water with the amount of groundwater pumping for daily use assumed to be 
approximately 27 m3/day on the island. After calculation of family groundwater use in each specific area, 
the amount groundwater pumping rate for the cell 250 m × 250 m was estimated using a rate of from 0.2 
to 1 m3/day and consequently used the same pumping rate throughout the year in this study (Fig. 4 (a)). 
This is the rate of groundwater pumping in the rainy season for the model.  
     In order to determine the amount of groundwater pumping rate per day for irrigation purposes; the 
capacity data from irrigated well, and the irrigated time for each type of irrigation and self-pumping 
irrigation area, a groundwater pumping with a rate of 83600 m3/day in the dry season was determined. 
Based on land use and irrigation maps, the amount of pumping for irrigation in the dry season was 
estimated using a rate of 348 m3/day on a cell 250 m × 250 m. Then, the irrigation area in each cell was 
considered to determine the amount of pumping for the model with an amount less than 348 m3. Fig. 4 (b) 
shows the location of pumping wells in the dry season. 
Fig. 4. (a) Location of pumping cell in rainy season; (b) Location of pumping well in dry 
season. (Red colour cell is groundwater pumped cell) 
(a) (b) 
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4.2. The calculated head 
Fig. 5. Observed heads and calculated heads by simulated (Mekong River, DT8,9-shallow, DT10,12) 
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     Fig. 5 shows the measured water level and the result of the calculated water level by the transient 
calculation of major observation shallow wells and the Mekong River water level (MRWL). Because 
groundwater was pumped mostly from shallow groundwater with the depth of 10 to 20 m, thus Fig.5 
shows the result of main observation wells from the shallow groundwater. DT8 shallow and the Mekong 
River water level indicate data from January 2008 to December 2010 (2 years), the remaining observation 
wells have groundwater level data from September 2009 to December 2010.  
     According to Fig. 5, the seasonal fluctuation change in Mekong River water and groundwater levels 
indicate water levels increase during the rainy season, and decrease during the dry season and almost all 
groundwater levels of observation wells and Mekong River water levels could be calculated. The greatest 
rises in water level during the rainy season and drawdown of water level in the dry season of the observed 
water levels have been reproduced by calculated simulation. Groundwater level in DT9 shallow located in 
the north area is the lowest and could be reproduced by calculated water head. The resulting calculated 
head shows that groundwater level of wells which are located in the western region (DT8 shallow) is 
lower than other wells located in the eastern region. However, as groundwater and river water levels 
mostly decrease in the dry season, the calculated groundwater level of DT10 and ST12 could not be 
exactly be reproduced in the biggest drawdown. The width of calculated water head of some observation 
wells is larger or smaller than the observed head. This is because the estimated setting of geological 
structure and groundwater pumping cell reflect the fact that the calculated head could not exactly 
reproduced.  
4.3. Relationship between groundwater pumping and groundwater level 
     Fig. 6 shows the simulated potential distribution of the groundwater level in the 1st aquifer (the 3rd 
layer) when groundwater was mostly pumped in the dry season (May 2010) (Fig. 6 (a)) and rainy season 
when groundwater is rarely used (October 2010) (Fig. 6 (b)). In the western region larger amounts of 
groundwater are used more frequently than in the eastern region. This could because the groundwater 
 
Fig. 6. (a) Potential groundwater level table in May 2010 (layer 3); (b) Potential groundwater level table in October 2010 (layer 3) 
(a) (b) 
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level during the dry season and rainy season in the eastern region is higher than that of the western region. 
The groundwater level in the dry season decreases approximately from 1.5 to 2 m than during the rainy 
season and the groundwater in the eastern part of the island is higher than that of the western region, 
which is from 0.3 to 0.5 m.  
     The groundwater level in the north, where water is mostly pumped up, is lower than other locations all 
the time. The result of the oral survey indicated that groundwater is pumped mostly for irrigation 
purposes in the dry season with an assumed rate of 83600 m3/ day, and this result is considered the main 
cause of this change. Moreover, according to Fig. 6 (a) the potential groundwater of the northern region is 
the lowest because the pumping rate in the area is the largest contributing to a decrease in the 
groundwater level of DT9-S,D which located in this area during the dry season. This effect continues 
through to the rainy season when the potential groundwater level in the north is still lower than other 
regions of the island. In the rainy season groundwater level in the interior of the island became lower than 
other regions from 0.2-0.4 m (Fig. 6 (b)), but in the dry season it was higher than western and northern 
regions. These results suggest that groundwater pumping is the main cause for the spatial distribution of 
the groundwater levels on Tay Island. 
5. Conclusion 
     The oral survey indicates that groundwater sources are the most important irrigation water resources 
during the dry season with an assumed rate of 83600 m3/ day.  
The groundwater flow model which considered groundwater pumping reproduces the observed 
groundwater levels accurately through comparison of the observed water heads with calculated water 
heads, and explains the cause of change in the groundwater levels between the dry season and rainy 
season. In addition the groundwater level during the dry season in the eastern region is higher than that of 
the western region by approximately 0.3 to 0.5 m. The groundwater level in the rainy season is higher 
than that of the dry season by 1.5 to 2 m. This groundwater flow modeling study clearly determined that 
the groundwater pumping in the dry season is the main cause of decreased groundwater levels and affects 
the difference in groundwater levels between eastern and western regions on Tay Island. 
     According to these results, in the management of groundwater resources on Tay Island, it is important 
to exactly clarify the rate of pumping groundwater and to control the balance of the groundwater 
resources there. Moreover, it is necessary to consider the interaction between the Mekong River water 
and the groundwater and the quantity and between the seasonal changes, to understand the process of 
recharge on the groundwater levels.         
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